DESCRIPTION OF PROBLEM
Focal ulcerative dermatitis (FUD), has no apparent clinical effect on turkeys, but due to its unsightly appearance lesions are trimmed during processing, slowing line speeds and resulting in a downgraded carcass. Downgrading is most costly when a whole-bird, Grade A product is desired. Consequently, FUD has become an important cause of economic loss in the turkey industry during the past decade.
Gonder and Barnes described the gross and light microscopic characteristics of the lesion [l] and effect of pressure on turkey breast skin [2] . Gonder also examined the correlation of lesion development with locomotor difficulty and litter conditions [3] , finding a significant correlation between high litter moisture and FUD. Newberry investigated the influence on FUD of age, photoperiod, toe clipping, body weight, and area of unfeathered breast skin [4] . She found that the incidence of FUD increases between 12 and 17 wk of age. Use of an increasing photoperiod treatment, compared to a constant photoperiod treatment, resulted in a significant reduction in FUD at 17 wk of age. FUD was positively correlated with body weight at 12 wk and the area of unfeathered breast skin at 17 wk of age. Neufeld suggested FUD may result from bacterial colonization of feather follicles following the loss of keel feathers [5] .
Because of widely varying levels of FUD among commercial flocks even when many of these factors were held constant, additional factors were felt to be associated with the occurrence of FUD. Although an increased incidence of FUD in turkeys on litter with high moisture levels was reported [3] , a high incidence of FUD occurred in flocks with apparent good litter conditions on some farms. These studies compare the effect of litter treatments, litter type, and litter conditions (moisture, pH, and ammonia) on the incidence of FUD. Litter treatments examined included perlite, lime, and brooding on crenelated paper. Perlite was added to control litter in hopes that it would draw moisture away from contact with the breast skin of birds while they sat, thereby reducing the incidence of FUD. Because microbial infection had not been ruled out as a cause of FUD, control litter was treated with lime to reduce pathogen load in the litter. Birds were brooded on paper to prevent early injury that may lead to the development of FUD. Because of increased demand for and resulting shortages of soft pine shavings, alternative litter sources were being used. Litter types examined included pine sawdust (Figure l) , soft pine shavings (Figure 2) , coarse pine shavings (Figure 3 ), peanut hulls (Figures 4 and 5) , and fine pine shavings ( Figure 6 ). Differences in growth rates, breast conformation, feathering, and behavior among commercial strains of turkeys may influence the incidence of FUD. Following a preliminary study comparing two commercial strains, two experiments examined the influence of the three most popular commercial turkey strains on FUD. In all experiments the effects of age and body weight on FUD were examined.
MATERIALS AND METHODS
A series of six studies with male turkeys examined the influence of age, body weight, litter treatments, litter type, litter conditions, and commercial strain of turkey on the incidence of FUD. Birds were examined for breast lesions at two-week intervals between 8 wk of age and processing. Examinations included palpating and visually inspecting unfeathered breast skin. Five of these studies were carried out in total confinement, curtain-sided facilities in North Carolina. These facilities contained pens located on both sides of a center aisle. The remaining trial was conducted in a total confinement, curtain-sided house without pens, where groups were identiiied by toe-clip pattern. Although lighting programs varied among experiments, within each trial lighting was constant for all treatment groups. In all experiments, temperature and ventilation were maintained according to standard commercial practices. Feed and water were provided ad libitum. and birds brooded on absorbent crenelated paper for the first 6 wk of age and finished on soft pine shavings. Soft pine shavings are the most widely used litter in commercial production in North Carolina, but alternatives are used depending on price and availability. Diet was identical for all treatment groups and was comparable to industry standards .
Birds were classified as having either no lesions, scabs, folliculitis (inflammation of the feather follicle), or FWD. Scabs were brown and superficial; they could usually be peeled off. Routine necropsies were performed on culled birds. Measured variables included age, litter treatments, litter conditions, and body weight. Litter moisture, pH, and ammonia levels were measured using the Parkhurst method [6].
EXPERIMENT 2
A flock of 2560 Nicholas male turkeys at a 64-pen research facility in southeast North Carolina were grown out on one of four litter types. Poults from a single breeder flock were placed on soft pine shavings for the first 6 wk of age. Pens measured 8 x 8 ft. with forty birds per pen for a stocking density of 1.6 ft?/bird. At 6 wk of age, turkeys were placed on one of four litter types: pine sawdust, soft pine shavings, coarse pine shavings, and crushed peanut hulls. Coarse pine shavings are low quality, containing small chunks of wood and splinters. Each litter type had sixteen replicates for a total of sixty-four pens. Pens were 8 x 19 ft. with forty birds laced per pen for a stocking At two-week intervals, beginning at 8 wk of age, turkeys were weighed (Weigh-Tronix, Model WI-110) and examined for breast lesions with average pen weights recorded. During each visit twenty buds per pen were examined for breast lesions, except for the 18-wk visit, during which all birds were examined. Buds were classified as having either no lesions, scabs, early breast buttons, or ulcers. Early breast buttons were defined as raised, firm, blanched, non-ulcerated plaques in the skin. lhrkeys with scabs, early breast buttons, and ulcers were wing-banded and examined at each subsequent visit to determine progression of the lesion. Lesions were cultured for both aerobic and anaerobic bacteria. density of 3.8 ft. 4 /bird.
Beginning at 10 wk of age, litter moisture determinations [T7] were made using a hay probe moisture detector (Delmhorst Instrument Co. Model F-4, Bronton, New Jersey). Six measurements were taken per pen (approximately one foot toward the center from the feeder, drinker, and each of the four corners) at a depth of approximately one inch. Measurements were averaged for each pen. Although the hay probe moisture detector offered an easy means of determining litter moisture, the maximum reading of 40% was exceeded at times and was recorded as 40%. Due to this limitation, statistical analysis was not performed on litter moisture and the Parkhurst method [6] was used to determine litter moisture in all other experiments. Average weight and total number of lesions were determined based on age and litter type. Routine necropsies were performed on culled birds. Serology for hemorrhagic enteritis, Newcastle Disease Virus, Bordetella avium, Mycoplasma gallisepticum, Mycoplasma synoviae, Mycoplasma meleagridis, and avian influenza was performed at 14 wk of age.
EXPERIMENT 3
The above study was repeated with a second flock of 2560 Nicholas male turkeys with minor changes. Crushed peanut hulls were replaced with whole peanut hulls and a finer screen was used to collect coarse pine shavings. Early breast buttons and ulcers were grouped together and classified as FUD. Birds were classified as having either no lesions, scabs, folliculitis, or FUD. Progression of lesions on individual birds was not monitored. Litter moisture, pH, and ammonia levels were measured as in Experiment 1.
EXPERIMENT 4
As a preliminary study to see if differences in the incidence of FUD existed between breeds, two commercial strains (1000 each Hybrid and Nicholas) of male turkeys were grown together on soft pine shavings. The brooding section on the house was split in half with each half having 500 turkeys of each of the two strains. One group received a standard commercial turkey starter diet and the other group received a commercial game bird starter diet for approximately the first 10 days. The four groups were identified by specific toe clip patterns. All subsequent feeds were sup- EXPERIMENT 5 A third study was conducted at the &pen research facility with a flock consisting of three commercial strains of male turkeys (800 each of BUTA, Hybrid, and Nicholas). Management conditions (feed, water, light, temperature, ventilation, and stocking densities) were the same as for the previous studies at this facility.
Following a six-week brooding period on either pine sawdust or soft pine shavings, the flock was placed in a complete randomized block design according to strain in grow-out pens (forty birds per pen) containing one of three litter types: pine sawdust, coarse pine shavings, or frne pine shavings. Fine pine shavings were the consistency of pine sawdust, but were the product of kiln-dried wood. Wenty birds per pen were examined for breast lesions at two-week intervals between 8 and 16 wk of age; all birds were examined at 18 wk of age.
Buds were classified as having no lesions, scabs, folliculitis, or FUD as in the previous study. Litter moisture and average body weight were determined by pen. As in the previous studies, routine necropsies on culled birds and serology at 14 wk of age were per- 
EXPERIMENT 6
A flock consisting of three commercial strains of male turkeys (400 each of BUTA, Hybrid, and Nicholas) were distributed by strain (sixteen pendstrain, twenty-five birddpen) over a @-pen, curtain-sided research facility in a complete randomized block design. Buds were brooded and grown on either soft pine shavings (control) or soft pine shavings treatedwith perlite (30% by volume). During the first 24 hr following placement, half the birds in each group received a high carbohydrate diet, while the other half received a normal prestarter. For the remainder of the study, the flock received a commercial diet. Birds were examined for breast lesions at two-week intervals between 8 and 16 wk of age and were classified as having one of the following: no lesions, scabs, folliculitis, or FUD. As in the previous studies, routine necropsies on culled birds and serology at 14 wk of age were performed. Measured variables included age, strain of turkey, litter treatment, litter moisture, and body weight.
STATISTICAL ANALYSIS
An analysis of variance [8] was performed on all experiments to determine statistical si@icance, except as noted in Experiment 4. EXPERIMENT 1 Findings are summarized in Table 1 . The incidence of FUD was low ( < 1%) prior to 10 wk of age and peaked (17%) at approximately 16 wk of age. Birds raised on perlitetreated litter were the only group to show a lower incidence of FUD than the control group. However, this difference was not statis- Table 2 . Incidence of FUD was low ( < 1%) prior to 10 wk of age and peaked (17%) at approximately 16 wk of age. Between 10 and 18 wk of age and at processing, birds raised on coarse pine shavings had a significantly higher incidence (P = 0.0oOl) of FUD than did birds raised on the other three litter types. Birds raised on pine sawdust consistently had the lowest incidence of FUD. At 12 wk of age, body weight was negatively correlated with FUD, but correlation was lost at subsequent examinations. There was no correlation between litter type and the occurrence of scabs or early breast buttons.
RESULTS AND DISCUSSION

LI'ITERTYPE
To examine the progression of FUD, 308 representative birds with scabs, non-ulcerated raised plaques, or ulcers were wing-banded and examined at each subsequent visit. Of 135 birds with non-ulcerated plaques, 123 (91%) later developed ulcers, while 12 (9%) did not. Forty-four birds were identified with scabs; 19 (43%) developed ulcers, while 25 (57%) did not. Of 129 birds tagged with ulcers, 101 (78%) did not heal, while 28 (22%) did. Although measurements were not made, it appeared that larger ulcers were less likely to heal.
Cultures of FUD lesions for both aerobic and anaerobic organisms yielded a variety of bacteria, including Staphylococcus, Proteus, E. coli, Klebsiella, Pseudomonas, and Streptococcus. The variety of organisms recovered from these lesions suggest contamination with environmental bacteria secondary to ulceration.
A peak in mortality between 8 and 10 wk of age was attributed to colisepticemia. Serology at 14 wk of age revealed that a natural infection with hemorrhagic enteritis virus had occurred.
EXPERIMENT 3
Table 3 summarizes these findings. As in previous experiments, the incidence of FUD was low (< 1%) prior to 10 wk of age and peaked (20%) between 16 and 18 wk of age. The only factor having a significant effect on the incidence of FUD was litter type. FUD occurred most often in birds grown on coarse pine shavings and least often in buds grown on pine sawdust. At 18 wk of age, the incidence of FUD in birds grown on whole peanut hulls was approximately three times higher than the incidence of FUD in birds grown on crushed peanut hulls in Experiment 2. There was no correlation between litter type and the occurrence of scabs or folliculitis. Although this flock did not experience a peak in mortality due to colisepticemia, serology at 14 wk of age revealed that a natural infection with hemorrhagic enteritis virus had occurred. EXPERIMENT 4 Findings appear in Table 4 . Few FUD lesions were observed prior to 10 wk of age. Percent buds with FUD continued to increase from 10 to 14 wk of age, at which time the flock was processed. Significant differences were found in the incidence of FUD between Hybrid and Nicholas males at 14 wk of age. Hybrid males had an incidence of 7% FUD lesions, while Nicholas males had an incidence of 21% (P -= 0.004). The incidence of FUD was also significantly different between the two starter diet groups, with a higher incidence in birds fed commercial turkey starter (P<O.O42). There was no correlation between the commercial strain of turkey and the occurrence of scabs or folliculitis. Routine necropsies revealed that approximately half
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the mortality resulted from round heart disease, a spontaneously occurring cardiomyopathy of turkeys. Si&icant differences (P < 0.005) in round heart mortality were observed between the two strains, with an incidence of 4.2% in Hybrid males and 7.3% in Nicholas males. Serology at 14 wk of age was negative.
EXPERIMENT 5 Table 5 records this data. Again, few lesions (< 1%) were observed prior to 10 wk of age. Percent birds with FUD continued to increase through 18 wk of age to a level of 21%. Between 10 and 18 wk of age, buds raised on coarse pine shavings had the highest incidence of FUD, while birds raised on pine sawdust had the lowest incidence. The occurrence of FUD in buds raised on fine pine shavings was similar to that of birds raised on sawdust. Between 10 and 18 wk of age, Nicholas males had the highest incidence of FUD, while Hybrid males had the fewest lesions. At processing, percent birds with FUD were as follows: BUTA, 27%; Hybrid, 10%; and Nicholas, 27%. There was no correlation between the commercial strain of turkey and the occurrence of scabs or folliculitis. Litter moisture and body weight were not EXPERIMENT 6 Findings appear in Table 6 . Few FUD lesions were observed prior to 12 wk of age. Percent birds with FUD continued to increase through 16 wk of age to a level of 20%. Interestingly, the incidence of FUD nearly tripled between 14 and 16 wk of age. As in Experiment 1, the incidence of FUD in buds raised on perlite treated litter declined from that of birds raised on untreated litter, but this difference is not statistically significant. The incidence of FUD did not differ among strains until 16 wk of age when Hybrid males had significantly fewer lesions (P =0.026). There was no correlation between the commercial strain of turkey and the occurrence of scabs or folliculitis. Litter moisture and body weight were also not significant factors in the occurrence of FUD between 8 and 16 wk of age. Serology at 14 wk of age was negative.
Previous research on focal ulcerative dermatitis (FUD) concluded that age In these experiments, litter type and commercial strain of turkey were also identified as significant in FUD occurrence.
As reported by the turkey industry and a previous study [3] , the incidence of FUD was low prior to 10 wk of age. Percent birds with FUD continued to increase with age till market ( Figure 7) as reported by Gonder [3] and Newberry [4] . Unfortunately, the peak occurrence of this lesion coincides well with market age for consumer-size toms.
In these experiments and in a previous study [4] , naturally occurring levels of litter moisture were not significant in FUD occurrence. A condition similar to FUD known as "contact dermatitis" exists in broilers, but is associated with the presence of poor litter conditions during production [9]. If we had observed extremely high litter moisture conditions as induced by Gonder [3] , we may have found significant correlations with FUD.
Litter type significantly influenced the occurrence of FUD. Between 10 and 18 wk of age and at processing, birds raised on coarse pine shavings had a higher incidence of FUD than birds raised on soft pine shavings, peanut hulls, fine pine shavings, or pine sawdust. Birds raised on pine sawdust consistently had the lowest incidence of FUD between 10 and 18 wk of age and processing. Similar results observed in birds raised on pine sawdust and fine pine shavings suggest the idea that physical properties rather than chemical properties are more significant in the development of FUD.
The initial study comparing two commercial strains of male turkeys (Hybrid and Nicholas) indicated the idea that a significant difference in the occurrence of FUD existed and initiated two additional studies comparing males of all three major commercial strains of turkeys: BUTA, Hybrid, and Nicholas. In all experiments, the incidence of FUD varies with commercial strain of turkey, with the lowest occurrence in Hybrid male turkeys. These differences could result from variations in growth rate, breast confirmation, feather cover, behavioral patterns, or some other unknown factor(s) among the commercial turkey strains.
In Experiment 4, the incidence of FUD was also significantly different between the two starter diet groups, with a higher incidence in birds fed a commercial turkey starter. It is possible that some feed ingredient or combination of ingredients given early in development contributed to the development of FUD or that this increased incidence of FUD in birds resulted from a higher average body weight during most of the growing There was no correlation with either litter type or commercial strain of turkey and scabs or folliculitis in any of these experiments. Histopathology sections of scabs revealed abscesses within the cornified layer of the epidermis. FUD seemed to be unrelated to folliculitis because lesions most often occurred on unfeathered skin over the keel where feather tracts did not exist. A variety of other types of skin lesions appeared during breast skin examinations, but these seemed to be unrelated to FUD and therefore will not I be discussed. 
